ABSTRACT
In the modern society, people are exposed to various pollutants during their lifetime. Worldwide, the status of children's health has changed in recent decades. Some studies have attempted to identify the causes of these changes and whether they relate to pollutant exposure; however, such attempts have faced major challenges because human life is complex, involving many social and environmental factors. Several long-term cohort studies are being conducted to determine the relationship between diseases and social and environmental factors in children. Even before we establish complete proof of adverse effects, we should attempt to decrease risk to future generations by adopting precautionary principles. Environmental exposure to persistent organic pollutants can be reduced throughout the stages of life-the fetal period, newborn and infant periods, childhood, adolescence and adulthood ( preconception) by individuals as well as by society as a whole. Through reducing environmental exposure to pollutants, adverse health effects can also be reduced, which will contribute to healthier future generations. Here, we suggest a virtuous cycle for improving the health of future generations through reduced exposure to persistent pollutants.
In the modern society, people are exposed to various persistent organic pollutants (POPs) during their lives, starting before conception and extending through fetal development, infancy, childhood, and adolescence to adulthood. According to many reports, humans are contaminated by POPs throughout their early lives. 1 2 In Japan, it was revealed that a group of infants younger than 2 years old who were breast fed had the same levels of polychlorinated biphenyls (PCBs) as people over 60 years old 3 ( figure 1 ). PCBs are a representative POP; if an individual has relatively high levels of PCBs, they are more likely to have higher levels of other POPs. 4 In general, the health of children worldwide has worsened according to various measures over the past few decades. Increasing numbers of children are obese, and obesity contributes to a higher risk of developing diabetes in later life. There are reports showing that the number of children who suffer from allergies (such as asthma, atopic dermatitis and rhinitis) or are diagnosed with neurodevelopmental disorders (such as autism spectrum disorders, including Asperger's syndrome, attention deficit hyperactivity disorder and learning disability) has been increasing over the past few decades. 1 Recent reports have shown an association between childhood POP exposure and prevalence of neurodevelopmental disorders. 5 6 Furthermore, environmental factors in early life can affect the development of diseases with later onset, such as diabetes and hypertension. This phenomenon is termed the DOHaD (developmental origins of health and disease) and has been studied closely. 7 8 Studies have attempted to identify the causes of the above changes in children's health; however, such attempts have faced major challenges because human life is complex, involving many social and environmental factors. A long-term cohort study involving children is one of the few ways by which it is possible to ascertain the causes of changes to children's health. Several such cohort studies are being conducted to determine the relationship between diseases (or symptoms) and social and environmental factors. 9 Some such associations have already been identified. For example, one recent long-term cohort study determined that maternal smoking during pregnancy was associated with low birth weight of neonates. 10 Another such study found that maternal PCB exposure was related to low birth weight in neonates. 11 Therefore, preventive measures to reduce environmental pollution exposure before pregnancy are necessary to reduce disease and health-related risks for future generations. We identified three measures that could decrease these risks if implemented proactively.
The first measure is to reduce the level of POPs in the immediate environment through advocacy, education, administrative measures (such as developing guidelines) and political approaches.
The second measure is to prevent POP exposure that occurs through eating, drinking, breathing in and touching contaminated substances. For example, if people of reproductive age avoided eating large fish, fatty meat, and dairy products that have relatively high levels of POPs, their exposure levels would decrease before conception. Cooking methods can also affect levels of POP exposure. Boiling or grilling meat and fish can reduce the level of POP contamination. 12 For newborns, breast milk is clearly the ideal source of nutrition. Breast feeding has numerous benefits, such as fostering attachment between mother and newborn and conferring immunity from mother to child. However, breast milk in women from developed countries contains high levels of fat-soluble contaminants and exposure to these contaminants has been reported to have health risks for infants. 3 5 6 Thus, in areas where clean water and alternative foods are available, shortening the breastfeeding period to 1 year at maximum may reduce risk. 3 The third measure is to reduce the level of internal exposure to POPs by eating fibrous foods. Green vegetables, such as spinach and kale, and chlorophyll from chlorella supplements can decrease contaminants in the human body. 13 In cases of abnormally high contamination with PCBs or dioxins, such as following an accident, a medication for hyperlipoproteinaemia-colestimide (anion-exchange resin)-can be used to reduce the contamination level. 14 If the above measures are implemented, a virtuous cycle of reducing environmental exposure and producing healthier future generations will become possible (figure 2).
In the modern society, people accumulate POPs through daily exposure (here, the 'contaminated adult' stage). If individuals do not adopt measures to reduce their level of contamination, then those contaminants can be transferred from parents to fetuses. If people of reproductive age reduce the contaminants in their body before conception occurs, they can decrease pollutant levels in sperm and oocytes. If expecting mothers reduce their intake of fatty meat and fatty fish during pregnancy, they could reduce their exposure to environmental chemicals. Lower levels of exposure to the mother would then lead to diminished transplacental exposure and a less contaminated uterine environment (the 'fetal stage').
As noted above, reducing the breastfeeding period to a maximum of 1 year has been shown to decrease POP levels for newborns and infants. 3 However, if the level of contaminants in the mother's body can be reduced before pregnancy so that breast milk is less contaminated, the breastfeeding period should not necessarily be shortened (ie, during the 'newborn and infant stage').
Childhood is a unique period, during which children's bodies develop rapidly and they are exposed to contaminants in a manner that is different from that of adults. For example, children are nearer to the ground than adults, and so children are more exposed to contaminants from soil and the like. Children are also more likely to be exposed through habits like eating soil and things that they find on the ground or floor. In addition, children's respiratory volume per kilogram of body weight is much greater than that of adults; thus, children's exposure to air pollutants may be higher. If children could decrease the POPs they absorb through eating, drinking and touching, it would result in less contamination in adolescence. 1 For people of reproductive age (from adolescence through adulthood), it is beneficial to avoid contaminated food and to choose an It is highly important to improve the safety of the environment by reducing the risk of persistent pollutant contamination through administrative and political measures. However, individuals can also take steps to reduce their internal and external exposure to persistent contaminants in the environment. There are five main developmental periods in life, and each period demands a different approach for decreasing exposure.In the modern society, people accumulate POPs in their bodies (ie, the 'contaminated adults' stage); this contamination may be associated with health risks. If people of reproductive age reduced the persistent pollutant levels in their bodies before conception, they could decrease contamination in sperm and oocytes. 1. Fetal period: During pregnancy, if mothers reduced their intake of fatty meat and fatty fish, they would decrease their exposure to persistent environmental contaminants. This reduced exposure could lead to diminished transplacental exposure and a less contaminated uterine environment. 2. Newborns and infants: Reducing the breastfeeding period to a maximum of 1 year could decrease POP contaminant levels in newborns and infants. 3. Children: Childhood is a unique period during which children's bodies develop rapidly and they become exposed to contaminants in a manner that is different from that of adults. If children could decrease the contaminants that they absorb through eating, drinking and touching objects, they would have lower contamination as adolescents. 4. Adolescents: Adolescence is an important period for people to become healthier adults. Advocacy and education on environmental health can play an important role during this period. 5. Healthier adults: If adults are educated about the health risks of environmental contaminants, they are likely to adopt an environmentally conscious lifestyle. Such a lifestyle would, in turn, reduce the pollutants to which individuals are exposed through good eating habits and avoiding contaminants. This decreased exposure would then result in a better uterine environment for fetuses. If this cycle were implemented in its entirety, it could result in healthier future generations.
environmentally conscious lifestyle to set the stage for a healthier next generation. 15 Adolescence is an important period for people to become healthier adults. Like sex education, health advocacy and education related to environmental risks can play an important role in establishing health habits. If children learn about environmental contaminants, safer foods and drinks, and better ways of living to avoid exposure to pollutants, they will make better choices, which will result in lower contamination levels among adults.
Adults who are well educated regarding environmental health risks are likely to adopt an environmentally conscious lifestyle, and reduce the persistent pollutants to which they are exposed through good eating habits and avoiding contaminants. This reduced risk of contamination would then result in a better uterine environment for fetuses. Such practices would complete the virtuous cycle of reducing exposure to persistent environmental pollutants. This cycle would lead to less contaminated, healthier future generations.
Finally, to protect future generations from environmental contaminants, advocacy for young people would be absolutely essential. It is particularly important to increase the number of health professionals, such as paediatricians, obstetricians, gynaecologists, nurses and others involved in the health sector, who are interested in this subject and possess the appropriate scientific knowledge. Adding environmental health as part of the curriculum in medical education courses could also be an effective way to increase the number of young people who are interested in this topic.
The cycle we suggest here is limited to POP exposure and the suspected health risks from exposure to POPs, which are already known. However, if the data obtained from longterm cohort studies in children were analysed by omics analysis of individuals' exposome, epigenome, microbiome and metabolome, it may be possible to identify relationships between unexpected environmental contaminants and health risks. 16 It is suspected that the mechanisms of DOHaD are triggered by epigenetic alterations caused by environmental chemicals. By analysing omics data from cohort studies, it is possible to determine what kind of epigenetic alterations are caused by which environmental chemicals 17 and what diseases these alterations might trigger. 8 Furthermore, some reports insist that environmental exposure to chemicals can change the microbiome, 18 leading to diseases and conditions such as allergies among mothers or children. 19 Theo Colborn, one of the authors of Our Stolen Future, 20 argues that the same budget should be apportioned to studying the inner space of the human body as that for investigating outer space. For the modern society, protecting future generations from environmental pollutants represents a major challenge because such pollutants are being produced on an ever greater scale. However, it should be the mission of the current generation to decrease environmental pollutant exposure and create a better living environment for all.
What is already known on this subject ▸ More attention should be paid to the fact that babies are born contaminated and more measurements to reduce the contamination level should be encouraged to develop.
What does this study add ▸ Broader virtuous cycle will contribute to a cleaner human body and save future generations.
